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A SUPRABASAL BREAST CELL LINE WITH STEM CELL PROPERTIES 



Field of Invention 

The present Invention relates to the Isolation of a new at least bl-potent cell type from 
5 luminal epithelial cells of a mammary gland and its establishment as an immortalised cell 
line which is capable of proliferating and capable of differentiating Into cells of mammary 
gland luminal epithelial and myoepithelial cell lineages. The invention furthermore relates 
to the uses of the Isolated cells or the cell lines as a model system of the mammary gland 
and to the uses in tissue repair or transplantation. 

10 General background 

Understanding how the normal human breast develops and which cell compartment 
becomes neoplastic by necessity Is dependent on the Isolation of relevant cells as the true 
targets of human breast carcinogenesis and progression. More than two decades ago It 
was proposed that human breast cancer originates from the luminal epithelial lineage 
15 within the terminal duct lobular units (TDLU) (Weillngs et ah 1975), a basic mammary 
structure consisting of a branching ductal-alveolar system lined by an Inner layer of 
luminal epithelial cells and an outer layer of myoepithelial cells. 

Recently, others and we have provided some evidence that the stem cells of the human 

20 and mouse breast gland may be contained within the luminal epithelial lineage (Smith 
1996; Stlngl et al. 1998; P&houx et al. 1999; Smalley et al. 1999). However, detailed 
ultrastructural characterisations of the rodent and human breast gland In situ have led to 
the widely discussed hypothesis that the stem cell is a "basal cell" with clear cytoplasm 
(for review see (Rudland 1987; Smith and Chepko 2001). In particular, the Important work 

25 of Smith and colleagues In the mouse mammary gland has outlined an elaborate 

morphological tree Identifying the actual stem cell (small light cells; SLC), a first degree 
progenitor cell (not distinct from SLC), a second degree progenitor which Is still 
multipotent (undifferentiated large light cell, ULLC), and then two compartments of non- 
dlvidlng, pre-lumlnal- and pre-myoepithellal cells which gradually mature Into the fully 

30 differentiated lineages. At the ultrastructural level, the SLC never reaches the acinus 

lumen and only a fraction of the ULLC does so (Smith and Chepko 2001). Since slalomucln 
Is the most prominent marker of luminal epithelial cells and Is exclusively expressed on the 
apical surface of luminal epithelial cells (Petersen and van Deurs 1986), this would Imply 
that some epithelial cells (not facing the lumen) are slalomudn negative. Nevertheless, 

35 there Is reason to believe that these cells are Indeed full members of the luminal epithelial 
lineage. The cells on the basal side of multllayered breast ducts express several luminal 
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epithelial markers Including simple epithelial keratins and epithelial specific antigen (ESA), 
but no markers of the myoepithelial lineage such as o-smooth muscle actln or Common 
Acute Lymphoblastic Leukaemia Antigen (CALLA) (Petersen and van Deurs 1988; Taylor- 
Papadlmltrlou et al. 1989). Cells with this phenotyplc profile have In fact been observed In 
5 cultures of human reduction mammoplastles and shown to be bl-potent - suggesting a 
stem cell potential (Stlngl et al. 1998). However, further characterisation of the putative 
stem cells to show the full potential of generating TDLU have not been pursued due to a 
limited growth potential In primary culture. 

10 

Summary of the Invention 

The problem to be solved by the present Invention was to Isolate the cells of the 
mammalian breast gland which are able to form terminal duct lobular units (TDLUs) In 
15 order to provide a cell culture which may serve as a model for breast gland development. 
Since breast cancer Is suspected to originate In the cells forming the TDLUs such cells 
could, If Isolated, also serve as a model for breast cancer development. 

The solution was to define and then to Isolate such a cell type. Based on the literature and 
20 our own extensive observations we reasoned that a breast epithelial cell type which 
expresses epithelial specific antigen (ESA) but little or no slalomucln seemed a good 
candidate to the precursor cell forming TDLU. 

Our data show that a minor population of suprabasal-posltloned, sublumlnal, ESA-posltlve 
25 and slalomucln-negatlve/weakly positive cells (ESA7MUC cells) Indeed exists in vivo. 

To accomplish the Isolation of such a cell, we Isolated distinct cell populations using 
Immunomagnetlc sorting by first removing the slalomucln expressing cells and then 
Isolating slalomucln-negatlve cells that expresses ESA. We show that the disclosed method 
30 of Isolation consistently results In cells that possess properties expected of TDLU precursor 
cells. Accordingly, the Invention provides In a first aspect a method for Isolation of an at 
least bl-potent mammary gland tissue cell, comprising the steps of: 

(I) separating said tissue Into two or more different cell types 

35 

(II) culturlng each of said different cell types under cell differentiation conditions and 
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(111) selecting the cell type(s) that Is/are capable of differentiating Into at least two 
morphologically and/or phenotyplcally different cell types. 

The Isolated suprabasal-derlved ESAVMUC cells were of luminal epithelial lineage because 
5 they expressed tight junction proteins and exhibited a high transepithellal electrical 
resistance on transwell filters. However, In contrast to luminal epithelial cells with strong 
sialomudn expression they had a striking ability to form the entire TDLUs Inside a three* 
dimensional reconstituted basement membrane and in nude mice and could generate 
myoepithelial cells, as well as luminal epithelial cells. Thus these cells share many of the 
10 properties expected of a mammary stem cell. Accordingly, an Important aspect of the 
Invention is to provide an Isolated cell, derived from luminal epithelial cells of a mammary 
gland, which Is capable of proliferating and capable of differentiating Into cells of mammary 
gland luminal epithelial and myoepithelial cell lineages. In a further aspect, the Invention 
pertains to a cell population composed of such cells. 

15 

In further aspects of the Invention, Immortalised cell lines derived from said isolated cells 
that are capable of differentiating into cells of mammary gland luminal epithelial and 
myoepithelial cell lineages are provided. 

20 To obtain such permanent cell lines with stem cell properties the cells were immortalised 
with HPV (human papilloma vlrus)-16 E6/E7. Three cell lines that are capable of 
proliferating and capable of differentiating Into cells of mammary gland luminal epithelial 
and myoepithelial cell lineages were established (D492, D490 and TH69). One of these 
(D492) was deposited In accordance with the provisions of the Budapest Treaty on the 

25 International Recognition of the Deposit of Micro-organisms for the Purposes of Patent 
Procedure at Deutsche Sammlung von Mikroorganlsmen und Zellkulturen GmbH (DSMZ) 
and has obtained the accession number DMS ACC 2529. Also non-lmmortallsed cell 
suprabasal-derlved epithelial cell cultures obtained by the disclosed method of Isolation 
(TH82 and TH95) possess stem cell properties. 

30 

Importantly, suprabasal-derlved ESA + /MUC cells differ from lumlnal-derived ESAVMUC* 
cells by the expression of keratin K19. We have localised a subpopulatlon of luminal 
epithelial cells in the normal breast In situ by the restricted expression of keratin K19 
similarly to the cells of the Invention. We propose that these cells are Indeed candidate 
35 stem cells or multlpotent progenitor cells of the mammalian breast gland. Thus an 
Important embodiment of the Invention Is an Immortalised cell line that Is derived from 
said isolated cells that are capable of differentiating into cells of mammary gland luminal 
epithelial and myoepithelial cell lineages and which comprises cells that are positive 
staining for keratin K19. 
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To the best of our knowledge the Invention Is the first In vitro model of the developing 
human breast gland model. 

5 We propose that, since more than 90% of human breast carcinomas are keratin K19 
positive and originate from TDLU, we have Identified the cellular origin of most human 
breast cancers. Thus a further aspect of the Invention Is to use the at least bl-potent 
breast cells of the Invention, and which shares many of the characteristics of the putative 
cellular origin of most human breast cancers, as an In vitro model for the study of breast 

10 cancer development and In particular to provide a method for testing the carcinogenic 
effect, If any, of a substance on mammary gland epithelial cells, the method comprising: 

(I) culturing said cells In a growth medium which maintains the cells as non-transformed 
cells; 

15 

(II) adding the agent, compound or factor under test to the cell culture; and 

(III) determining the neoplastic response, If any, of the so contacted cells by changes In 
morphology, tumorlgenlcity In animals, mRNA expression and/or antigen expression as 

20 well as other changes which Is associated with carclnogenlcy. 

In further aspects of the Invention the Isolated suprabasal-derlved ESA7MUC cells are 
used as an In vitro model of the developing human breast gland to screen for 
pharmaceutical Interesting or toxic substances. Thus the Invention provide a method for 
25 testing the toxic effect, If any, of a substance on mammary gland epithelial cells, 
comprises: 

(I) culturing or maintaining said cells In a non-toxic medium; 

30 (II) adding the substance to be tested to the medium; and 

(III) determining the response, If any, of the cells, Including changes In cell growth rate, 
cell death rate, apoptosls, cell metabolism, Inter- as well as Intra-cellular communication, 
morphology, mRNA or protein expression and antigen expression. . 

35 

In further aspects the cells of the Invention are used to provide mutatis mutandis a similar 
three step method for testing the ability, If any, of a substance to modulate the 
differentiation of non-terminal differentiated mammary gland epithelial cells and a three 
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step method for screening a substance for Its ability, If any, to interact with a cellular 
protein. 

In a further aspect of the Invention the cells Isolated by the method disclosed In the 
5 present application are expanded and provides a method of transplanting a vertebrate host 
with said cells, comprising the step of Introducing the cell into the vertebrate host, In yet a 
further development of this aspect said cells provide a method of In vivo administration of 
a protein or gene of Interest to an Individual In need thereof, comprising the step of 
transfecting the cell-population with a vector comprising DNA or RNA which expresses the 
10 protein or gene of Interest and Introducing the transfected cell Into said Individual. In yet a 
further development of the Invention said cells provide a method of tissue repair or 
transplantation In mammals, comprising administering to a mammal a therapeutically 
effective amount of cells or tissues derived therefrom. 

15 Detailed disclosure of the Invention. 

The object of the present Invention Is to provide a cell culture, which Is able to form a 
structure similar to the terminal duct lobular units (TDLUs) of the mammary gland in order 
to provide a cell culture, which serves as a model for the normal breast gland 
20 development. In the present context the "terminal duct lobular units (TDLUs)" of the 
mammary gland Is defined as the basic mammary structure consisting of a brandling 
ductal-alveolar system lined by an Inner layer of luminal epithelial cells and an outer layer 
of myoepithelial cells. 

25 Based on experiments with cells in culture it has been suggested that a putative "stem" 
cell of the human TDLUs may be contained within the luminal epithelial lineage of cells and 
characterised by a positive staining for the luminal epithelial marker (ESA + ) and a negative 
or weakly positive staining for slalomucln (MUC). In Example 1 data Is presented showing 
that such an MUC/ESA+ luminal epithelial cell type exists in the human breast In vivo and 

30 that they are suprabasally positioned. 

Example 2 describes the Isolation, Immortalisation and characterisation of suprabasal- 
derived epithelial "stem" or "progenitor 0 cells as well as the Isolation of luminal cells 
without "stem-cell" properties. In the present context "stem cell" or "progenitor cell" Is 
35 defined as an at least bl-potent mammary gland tissue cell that is able to differentiate Into 
cells of mammary gland luminal epithelial and myoepithelial cell lineages. The progenitor 
cells were Isolated the from suprabasal-positioned luminal epithelial cells of the mammary 
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gland by ImmunomagneUc cell sorting exploiting the assumed MUC/ESA* phenotype of the 
wanted cell type. 

In the present context the term "suprabasal" Is defined as ablumlnal and separated from 
5 the basement membrane by a layer of myoepithelial cells. The term "suprabasal- 
positloned" Is used to describe cells mat are positioned between the luminal and the 
myoepithelial cell layer, and the term "suprabasal-derlved" Is used to describe cells that 
are Isolated from the suprabasal layer of luminal cells of the TDLUs. 

10 In a particular useful embodiment of the Invention an Isolated cell, derived from luminal 
epithelial cells of a mammary gland, which Is capable of proliferating and capable of 
differentiating Into cells of mammary gland luminal epithelial and myoepithelial cell 
lineages and which Is Isolated from suprabasal luminal epithelial cells of the mammary 
gland Is provided. 

15 

In one embodiment of the Invention, which Is Illustrated In example 2, the Isolated cell Is a 
human cell. It Is however contemplated that a similar stem or progenitor cell also can be 
Isolated by the procedure described I example 2 from mamma of other species resulting In 
a cell selected from the group consisting of a rodent cell, a porcine cell, a ruminant cell, a 
20 bovine cell, a caprine cell, a equine cell, a canine cell, a ovine cell, a feline cell and a 
primate cell. 

As illustrated In example 2 such an Isolated cell Is capable of forming a cell culture 
comprising cells which are positive staining for the luminal epithelial marker ESA (ESA+) 
25 and negative or weakly positive staining for slalomucln (MUC-), so-called ESA+/MUC- cells. 
By "positive staining" we refer to clearly visible cells after staining with the primary 
antibody In a 1:200 dilution for Immunoperoxldase or a 1:10 dilution for 
Immunofluorescence. 

30 In a preferred embodiment of the Invention said Isolated cell Is Immortalised. An 

Immortalised cell Is a prerequisite for establishing a permanent cell line. Whereas rodent 
cells are relative prone to undergo even apparently spontaneous immortalisation human 
cells are remarkably resistant to Immortalisation. Thus a particular useful embodiment of 
the present Invention Is an Immortalised ESA+/MUC- cell. However cells, Including human 

35 cells, may be Immortalised by a number of procedures. The literature provides examples of 
cells being Immortalised as a result of exposure to various chemicals Including carcinogens 
and tumour promoters (Balmaln and Harris, 2000) and as a result of the Introduction of a 
nudelc acid molecule encoding an Immortalising polypeptide (Katakura et al., 1998). By "a 
nucleic acid molecule encoding an Immortalising polypeptide" we refer to a nucleic acid 
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molecule that codes for a polypeptide the expression of which either alone or In 
combination with other polypeptides result In the Immortalisation of the respective cell. In 
the present context an Immortalised cell Is defined as a cell capable of in vitro growth for 
preferably at least 50 doublings, more preferably at least 75 doublings, and most 
5 preferably at least 100 doublings. This Is to be compared with the normal situation where 
senescence occurs after 30 doublings. Furthermore a distinct telomerase activity which Is 
absent from finite life span breast epithelial cells can be used to define Immortalised cells 
(Stampfer et al, 2001). Thus one specific embodiment of the invention Is an Immortalised 
cell line, wherein the Immortalising step comprises transfecting the cells with a nucleic acid 
10 molecule encoding an Immortalising polypeptide. 

According to presently preferred embodiment, the Immortalisation is performed by 
Introducing into the cells a nucleic acid vector comprising at least one nudelc acid 
sequence encoding an oncogenic polypeptide selected from the group of transforming 

15 oncogenes which has been shown to be able to Immortalise cells either alone or In 
combination with other genes. Examples of such genes are c-myc, N-myc, L-myc, SV40 
large T antigen, adenovirus E1A, papillomaviruses E6 and E7 r polyoma Large T gene, erbA, 
myb, fos, jun, p53 or an oncogenic part of any one thereof. However, also nucleotide 
sequences from Epsteln-Barr virus, Herpes virus and certain other virus has been 

20 implicated In the Immortalisation of cells. 

Recently, a number of reports have demonstrated the Immortalisation potential of human 
paplllomavlras-16 E6 and E7 genes (HPV16-E6/E7) (Band et al. 1990; Band 1998; Garbe 
et al. 1999). Thus according to an embodiment of the Invention, Immortalised cell line Is 
25 characterised by an Immortalising step that comprises transfecting the cells with a nucleic 
acid molecule encoding a papillomavirus polypeptide selected from the group consisting of 
E6, E7 and a nucleic acid molecule comprising E6 and E7. 

The major concern with this technique Is that while it has been shown that immortality Is 
30 achieved by the Inactivatlon of p53 and retinoblastoma protein (RB), these may not be the 
only affected molecules and other cellular functions may also be affected (Garbe et al. 
1999); for review see (Zwerschke and Jansen-Durr 2000). Evidence suggests, however, 
that human cells derived from E6/E7 Immortalisation retain much of their original 
phenotype. In organotypic cultures of endocervlcal cells, which Is a target organ In vivo for 
35 HPV-16 Infection, the cells appeared normal with ordinary stratification and production of a 
cornifled layer (Halbert et al. 1992). Also, normal adult human pancreatic epithelial cells 
transfected with E6/E7 remained polarized on collagen gels did not grow In soft agar and 
expressed typical simple keratins (Furukawa et at. 1996). Thus, whereas E6 and E7 readily 
induce a neoplastic transformation of rodent cells when transferred Into the cells, human 
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cells appear to be significantly more robust. Human cells transfected with E6 and E7 do not 
form tumours In nude mice even after more than 100 passages In culture (Willey et al. 
1991; Band 1995; Furukawa et al. 1996). Immortalisation of normal human breast cells 
with either E6 or E7 did not lead to aberrant functional behaviour In luminal or 

5 myoepithelial cells tested (Wazer et al. 1995). It has been reported that breast cells lose 
keratin K19 expression as a consequence of E7-lmmortaIlsatIon (Spancake et al. 1999) # 
but this was not confirmed by us (see below) or others (Wazer et al. 1995). Finally, human 
salivary gland cells transduced with E6/E7 remained diploid or near-dlplold without a 
general destabillsatlon of the karyotype (Quelmado et al. 1999). We have confirmed these 

10 studies, and have found that the transduced cells are non-tumorfgenlc and have a diploid 
karyotype (46, XX) even after more than one year In culture and 25 passages. Thus It 
appears that the method used for Immortalising the Isolated MUC/ESA* progenitor cells 
and which comprises transforming the cells with a retroviral vector Including an expression 
cassette comprising a nucleic add molecule encoding a papillomavirus polypeptide E6 and 

15 E7, and selecting the Immortalised cells results In a non-tumorlgenlc cell lines. 

As used herein, the expressions "transforming" and "transducing" are used 
Interchangeably and refer to the Introduction of DNA Into a recipient cell, Irrespective of 
the method used for the Introduction. Also the term "transfectlon" refers to the 

20 Introduction of DNA Into a recipient cell. But whereas the term "transduction" typically 
refers to a method of Introduction which comprises virus particles, the term "transfectton" 
may refer both to methods which Involves virus as well as methods which rely on virus- 
free compositions containing specific nucleic acids. In relation to eucaryotlc cells the term 
"transfectlon" normally refers to the Introduction of virus-free DNA compositions Into a 

25 recipient cell. In the present context the expressions "transforming", "transduction", and 
"transfectlon" are used Interchangeably to describe the Introduction of DNA into a recipient 
cell. Note however, that the terms "preneoplastic transformation" or "malignant 
transformation" In general and also In the present context refer to the process wherein a 
cell changes on or more phenotyplcally traits that characterise a neoplastic cell. One such 

30 trait is the ability to form tumours In syngeneic or Immuno-lncompetent animals. 

A "vector" Is a composition which can transduce, transform or Infect a cell, thereby 
causing the cell to express vector encoded nucleic adds and, optionally, proteins other 
than those native to the cell, or In a manner not native to the cell. A vector Includes a 
35 nucleic acid (ordinarily RNA or DNA) to be expressed by the cell. A vector optionally 
Includes materials to aid in achieving entry of the nucleic acid Into the cell, such as a 
retroviral particle. 
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In a preferred embodiment of the Invention the cells are Immortalised by transforming the 
cells with a retroviral vector. By the term "retroviral vector" are meant vectors that 
comprises retroviruses. Most retroviral vectors are based on murine retrovirus. They can 
carry 6 to 7 kb of foreign DNA (promoter + cDNA). Thus, according to the said preferred 
5 embodiment, the purified precursor cells were Immortalised by a procedure which 

comprises transforming the cells with at least one retroviral vector Including an expression 
cassette comprising a nucleic acid molecule encoding a papillomavirus polypeptide selected 
from the group consisting of E6, E7 and a nucleic acid molecule comprising E6 and E7, and 
selecting the Immortalised cells. 

10 

The Invention further relates to a method of Immortalisation mat Is based on other vectors 
for Instance vectors based on adenovirus, adeno-assoclated vims, papilloma virus and 
plasmids. 

15 In all cases the vector must comprise an expression cassette. By the term "expression 
cassette" Is meant a nucleic acid sequence that comprises the elements necessary to 
express an inserted cDNA In the host of Interest. For a mammalian cell host, such a vector 
typically contains a powerful promoter coupled to an enhancer, a cloning site, and a 
polyadenylatlon signal. In addition to the expression cassette, several expression vectors 

20 also contain a selectable marker gene such as DHFR or NeoR, which aids In the generation 
of stable cell lines. The expression cassette may contain one or more unrelated DNA 
sequences encoding one or more peptides of Interest. 

In a particular, the Immortalising step can be performed by transforming the cells with 
25 retrovlrus-contalnlng supernatant from the PA317 LXSN HFV16E6E7 packaging cell line 
(CRL-2203, ATCC, Rockvllle, MD) cell line and selecting the Immortalised cells. Thus a 
preferred embodiment of present Invention Is an Immortalised cell line, wherein the 
Immortalising step Is performed by transforming the cells with retrovlrus-contalnlng 
supernatant from the PA317 LXSN HPV16E6E7 cell line and selecting the Immortalised 
30 cells. 

As described In example 3 only the suprabasal-derived cell lines were able to develop Into 
mixed cultures of luminal epithelial and myoepithelial cells. 

35 The fact that the suprabasal-derived epithelial cell lines continued for more than 50 
passages to generate subpopulatlons of ESA7MUC* and ESA/MUC cells as well as 
ESA7MUC cells make them strong candidates for stem cells or multipotent progenitors of 
the breast, as the ESA*/MUC* cells represent differentiated luminal epithelial cells, while 
the ESA7MUC cells represent myoepithelial cells, which are ESA7MUC In vivo. 



APPUCAT1ON/30925DK01/JSKVJSK/ 



10 



In example 3 this hypothesis was farther straightened by double-staining donal cultures 
for keratin K18 (luminal marker) and K14 (myoepithelial marker). From these experiments 
It was clear that whereas the lumlnal-derived epithelial cell line did not generate any 
myoepithelial cells, the suprabasal-derlved cell line readily formed mixed clones of luminal 

5 epithelial and myoepithelial cells. This conclusion was further emphasised by the 
observation mat the myoepithelial cells represented a primitive level of myoepithelial 
differentiation because <1% of the cells expressed other myoepithelial markers such as 
Thy-1 and furthermore that such Thy-1 expressing myoepithellal-llke cells also expressed 
a-smooth muscle actln which Is restricted to postmitotic myoepithelial cells In vivo (Rg. 

10 3A, b, c) (Saplno et al. 1990). 

In example 3 data are also presented showing that the K18 + cells were also precursor cells 
of the lineage-restricted progeny within the luminal compartment It Is shown that these 
cells could further mature within this compartment to differentiated slalomucln-expresslng 
15 cells. Taken together, these observations provide evidence for the existence of a 

suprabasal, at least bl-potent epithelial cell belonging to the luminal epithelial lineage that 
can give rise to differentiated myoepithelial and luminal epithelial cells, and their 
precursors. 

20 The perhaps most striking feature of the cells of the Invention Is the demonstration In 
example 4 that an Immortalised suprabasal-derlved epithelial cell line In culture Is capable 
of forming branching structures resembling terminal duct lobular units of the mammary 
gland not only by marker expression as demonstrated In example 3 but also In 
morphology. In general, the criterion for stem cells of the breast Is their ability to 

25 regenerate the entire structure of the mammary gland. In mice and rats the ability to 
regenerate the entire structure of the mammary gland upon reimplantation of cells In 
syngeneic gland-free fat pads has been adapted as the standard criteria for stem cells 
(Smith and Medina 1988). In example 4 a similar test In a lamlnln-rlch gel was performed. 
When suprabasal-derlved epithelial ESA+/MUC- cells were embedded Into the gel and 

30 cultured under these three-dimensional culture conditions they gave rise to formation of 
larger, elaborate morphologies resembling the entire functional unit of the breast gland. 
I.e. the terminal duct lobular unit (TDLU). In this respect the suprabasal-derlved epithelial 
cell-lines formed TDLU-IIke structures at a frequency (73%) similar to that recorded for 
suprabasal cells that were freshly prepared from primary cultures from two different 

35 biopsies. The TDLU-IIke structures were stained for differentiation markers of normal 
breast and revealed a remarkable similarity to TDLU 's In vivo (Rg. 4D). Importantly, this 
was true for all the three cell lines (D492, D490 and TH69). We conclude that the 
suprabasal-derlved at least bl-potent cell lines posses many of the characteristics of a 
human progenitor cell of the breast gland, and accordingly a preferred embodiment of the 
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Invention Is an Immortalised cell line that In culture Is capable of forming branching 
structures resembling terminal duct lobular units of the mammary gland In morphology 
and/or by marker expression. 

5 As demonstrated In example 5 cells Isolated, Immortalised and established as a cell line 
according to the methods disclosed In the present Invention comprises cells that are 
positively staining for the keratin K19. It Is considered a major novel and surprising 
conclusion that the progenitor cells of the human breast reside In a keratin K19* 
compartment since It has been the technical prejudice within the field that the potential 

10 stem cells of the breast were keratin K19" cells. This was based on earlier observations 
that benign proliferative lesions and highly proliferative breast cell lines were keratin K19\ 
and that keratin K19+ cells proliferate poorly In culture (Bartek et al. 1985; Paine et ah 
1992; Stampfer and Yaswen 1993; Ronnov-Jessen et al. 1996). However, more recent 
evidence supports our observation of a keratin K19+ precursor cell compartment. First, 

15 keratin K19 Is one of the earliest keratins expressed In the embryo (Tamal et al. 2000), 
and whereas the foetal breast contains a homogeneously keratin K19+ luminal epithelial 
compartment, keratin K19~ luminal cells arise only In adulthood (Anbazhagan et al. 1998). 
Second, more than 90% of breast carcinomas are K19+. While it could be argued that K19' 
luminal epithelial ceils could turn on K19 along with malignant transformation, so far all 

20 malignant or preneoplastic transformations of non-mallgnant K19" breast cell lines have 
resulted In K19~ tumour cells (Petersen et al. 1998; Santner et al. 2001). Third, studies of 
other organs, Including liver, pancreas, skin, testes, and prostate have revealed that the 
"stem cell compartment" express keratin K19 (Stoslek et al. 1990; Fridmacher et al. 1995; 
Michel et al. 1996; Bouwens 1998; Hudson et al. 2001). This does not Imply that all 

25 keratin K19* cells are stem cells, since for Instance the entire basal layer of the skin Is 
K19* and this by far exceeds the expected number of stem cells. Therefore, In preferred 
embodiments, the immortalised cell line comprises cells that are positive staining for the 
keratin K19. 

30 

The most preferred embodiment of the present Invention is a human suprabasal-derlved 
cell line possessing many of the characteristics of a stem cells of the human breast gland 
and which Is exemplified by the immortalised D492 cell line. This immortalised cell line Is 
deposited in accordance with the provisions of the Budapest Treaty on the International 
35 Recognition of the Deposit of Microorganisms for the Purposes of Patent Procedure at 
Deutsche Sammlung von Mikroorganismen und Zellkulturen GmbH (DSMZ) and has 
obtained the accession number DMS ACC 2529. Other embodiments of the present 
Invention Is an Immortalised cell line that Is capable of proliferating and capable of 
differentiating Into cells of mammary gland luminal epithelial and myoepithelial cell 
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lineages, and Is derived from a cell selected from the group consisting of a rodent cell, a 
porcine cell, a ruminant cell, a bovine cell, a caprine cell, a equine cell, a canine cell, a 
ovine cell, a feline cell and a primate cell. In particular, an Immortalised cell line that Is 
selected from the group consisting of cells from mice, rats and rabbits Is an important 
5 embodiment of the present Invention, since it opens for new experimental possibilities e.g. 
transplantation experiments In syngeneic Individuals, which Is not practicable In the case of 
human cells. However, an Immortalised cell line that Is a human cell line Is a preferred 
embodiment. 

10 The Isolation and establishment of three Immortalised cell lines (D492, D490 and TH69) 
and two non-lmmortallsed suprabasal luminal epithelial cell cultures (TH82 and TH95) 
show mat the method for Isolation of an at least bl-potent mammary gland tissue cell 
which Is described In example 2 Is a general method tor the Isolation of a bl-potent cell 
type sharing many of the characteristics of a stem cell of the breast gland. The method for 

15 Isolation of an at least bl-potent mammary gland tissue cell, comprising the steps of: (I) 
separating of the breast tissue Into two or more different cell types; (II) culturlng each of 
said different cell types under cell differentiation conditions and; (III) selecting the cell 
type(s) that Is/are capable of differentiating Into at least two morphologically and/or 
phenotyplcaily different cell types. In one specific embodiment of the method according to 

20 the Invention, an at least bl-potent cell which Is derived from luminal epithelial cells of a 
mammary gland and capable of proliferating and capable of differentiating Into cells of 
mammary gland luminal epithelial and myoepithelial cell lineages Is Isolated. 

One preferred method separating the breast tissue cells Into two or more different cell 
25 types Is to disaggregate the tissue mechanically followed by an enzymatlcally 
disaggregation with collagenase, as described In example 2. 

Example 2 describes a preferred embodiment of the subsequent culture of disaggregated 
breast tissue. The culture Is performed by placing the organoids In collagen-coated culture 

30 flasks added CDM3 (Petersen, 1987) culture medium, and kept 37°C in a standard cell 
Incubator In a humidified atmosphere of 75% N 2 , 20% Cfe, and 5% C0 2 . In the experiment 
reported In example 2 the culture flasks were coated with eng/cm 2 collagen. While this 
collagen coating results In a surface which Is optimal for the plating of primary human 
breast epithelial cells, other coatings may be applied for non-human cells. For Instance 

35 coating with fetal calf serum has been reported to facilitate plating of primary epithelial 
cells. Also the exact amount of collagen may vary such as between 0.1-100|ig/cm*, 0.5- 
50ng/cm 2 , l-30ng/cm 2 , 3-20pg/cm 2 , 5-15ng/cm a or 6-iOng/cm* and depend on the exact 
type and stock. Whereas the CDM3 medium Is preferred it Is contemplated that almost 
Identical cell cultures may be obtained with other media. One example is the DMEM/F-12 
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medium 1:1 supplemented with 2mM glutamlne and a number of growth factors, see table 
3. 

Both In the case of Isolation of luminal epithelial cells and suprabasal-derlved epithelial 
5 cells the organoids was cultured with a change of medium three times a week. When the 
organoids had spread out to monolayers In primary culture cells were trypslnlsed and 
filtered as described by (P&houx et al. 1999) and all cell separations were carried out by 
use of specific antibodies coupled to the matrix of the MlnlMACS magnetic cell separation 
system according to the manufacturer's Instructions (Militenyi Biotech, Gladbach, GmBH). 
10 Within the concept of this Invention Is also the use of other systems fbr cell separation 
which Is based on a stepwise selection or enrichment of cells which express no or low 
levels of slalomucln and relative high levels of epithelial specific antigen (ESA). One such 
cell separation method Is flow cytometry (SHngl et al. 1998). 

15 Isolating an at least bl-potent suprabasal positioned luminal eplthella cell of the breast by 
any such sequential procedure Involving culture of primary mamma organoids followed by 
a Immunological based enrichment of ESA7MUC cells and resulting In a cell which is 
capable of forming a cell culture comprising cells which are positive staining for the luminal 
epithelial marker ESA (ESA*) and negative or weakly positive staining for slalomucln (MUC 

20 ), (ESAVMUC) cells are stipulated to be within the scope of present Invention. 

Such Isolated cells have many Important Industrial uses. In one embodiment of the 
invention the cells are used to establish a method for testing the toxic effect, if any, of a 
substance on mammary gland epithelial cells. The method comprising :(l) culturlng or 
25 maintaining the cells In a non-toxic medlum;(il) adding the substance to be tested to the 
medium; and (III) determining the response, if any, of the cells, Including changes in cell 
growth rate, cell death rate, apoptosls, cell metabolism, Inter- as well as Intra-cellular 
communication, adhesion, morphology, mRNA or protein expression and antigen 
expression. 

30 

The term "growth rate" Is defined as the net increase In cell number within a given time 
period. 

The term "apoptosls" is used to describe the normal cellular process Involving an active, 
genetically programmed series of events leading to the death of a cell. Often toxic 
35 substances Induce apoptosls in cells. In contrast to apoptosls, which Is, a basic 

physiological process necrosis describes the accidental cell death that Is the cell's response 
to a variety of harmful conditions and toxic substances. 

The term "cell death rate" Is defined as the number of cells dying per unit time. The cell 
death rate Is determined by the rate of which cells undergo apoptosls or necrosis. 
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The term "Intercellular communication" Is defined as signalling between Individual cells as 
elicited by cytokines, extracellular matrix components, adhesive molecules or the like.. 



The term "Intracellular communication" Is defined as the signalling within an Individual cell 
typically elicited by activation of membrane bound or nuclear receptors or other cell 
signalling mediators. 

10 

The cells of the present Invention are keratin K19-expresslng, suprabasally located cells 
within the luminal epithelial lineage that are putative precursor cells of terminal duct 
lobular units In the human breast . Since It long has been assumed that human breast 
cancer originates from the luminal epithelial lineage within the terminal duct lobular units 

15 (TDLU) (WelHngs et al. 1975), and since more than 90% of human breast carcinomas are 
keratin K19 positive, It appears that the cells of this Invention are Identical to the cellular 
origin of most human breast cancers, and therefore constitute a very attractive cellular 
model system for breast cancer. Thus an even more preferred embodiment of the 
Invention Is a method for testing the carcinogenic effect. If any, of a substance on 

20 mammary gland epithelial cells, the method comprising: (I) culturlng the cells of the 
invention In a growth medium which maintains the cells as non-transformed cells;(ll) 
adding the agent, compound or factor under test to the cell culture; and (III) determining 
the neoplastic response, If any, of the so contacted cells by changes In morphology, 
tumortgenlclty in animals, mRNA expression and/or antigen expression as well as other 

25 changes associated with carcinogenesis!. 

By the term "neoplastic response" we here refer to tumor formation as a consequence of 
clonal expansion of genetically altered cells. 

30 By the term "tumortgenlclty In animals" we here refer to the Important aspect of neoplastic 
cells to form tumours In animals. The present Invention refers to a tumortgenlclty test 
performed on either syngeneic or Immuno-lncompetent animals. However In a preferred 
embodiment the tumortgenlclty test comprise the Introduction af said treated cells Into an 
Immune Incompetent test animal. 



35 



By the term "carclnogenlcy" we here refer to tumor formation related to the effect of 
tumor promoting or genotoxlc exposures such as exposure to radiation, tar and various 
carcinogenic substances. 
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Since the cells of the Invention are characterised by being at least bl-potent cells with stem 
cell characteristics the cells can be exploited to test the ability , If any, of a substance to 
modulate the differentiation of non-termlnal differentiated mammary gland epithelial cells. 
Thus one aspect of the Invention relates to a method of testing a substance for its ability to 

5 modulate the differentiation of mammary gland epithelial cells comprising: (I) culturlng or 
maintaining the cells of the present invention In a medium which In Itself does not 
modulate the differentiation; (II) adding the substance under test to the cell culture; and 
(III) determining the differentiation modulation responses, if any, of the so contacted cells 
by changes In cell growth rate, cell death rate, apoptosls, cell metabolism. Inter- as well as 

10 Intra-cellular communication, morphology, mRNA or protein expression or antigen 
expression as well as other changes which Is associated with differentiation. 

An Interesting aspect of the Invention relates to the use of the cells according to the 
Invention to test substances for their ability to Interact with a particular cellular protein. 

15 

To ensure expression of the specific protein in question a nucleic add fragment which 
Includes a nudelc acid sequence encoding for the spedflc protein may be obtained, 
inserted into a suitable expression vector and the resulting "gene construct" transfected 
Into any of the cells or cell lines of the present Invention. 

20 

The term "expression vector" Is used to denote a DNA molecule, linear or circular, which 
comprises a segment encoding a polypeptide of Interest operably, linked to additional 
segments that provide for its expression. Such additional segments Include promoter and 
terminator sequences, and may also Indude one or more origins of replication, one or 
25 more selectable markers, an enhancer, a polyadenylatlon signal, etc. Expression vectors 
are generally derived from plasmid or viral DNA, or may contain elements of both. Many 
such "expression vectors" are described In the art. A comprehensive survey of such 
expression vectors can be found In Ausubel et al. 2000,whlch Is Incorporated herein by 
reference. 

30 

The gene construct may be Introduced Into the host of this Invention cell by transduction 
or transfectlon. Detailed description of useful methods may be found In Ausubel et al. 
2000, and Sambrook, et al. 1989, both of which Is Incorporated herein by reference. 

35 The next step In the test Is to add the substance to be tested to the cells; and finally to 
determine the Interaction, If any, with the cellular protein. Such Interaction may be 
deduced from changes In the phenotype, e.g. by changes In cell growth rate, cell death 
rate, apoptosls, cell metabolism, Inter- as well as Intra-cellular communication, 
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morphology, mRNA or protein expression, antigen expression or other changes which 
either directly or Indirectly Is supposed to be associated with said protein. 

Since the growth of breast epithelial cells in vivo Is guided by hormones such as estrogen 
5 and progesterone a particular important variation of this embodiment is a method for the 
detection of Interaction between a cellular protein and a given substance In which said 
cellular protein Is selected from the group consisting of cellular receptors In particular 
estrogen receptor-alpha, estrogen receptor-beta and progesterone receptor. 

10 In the present context the term "receptor* denotes a cell-associated protein that binds to a 
bioactive molecule (t.e., a llgand) and mediates the effect of the llgand on the cell. 
Typically the binding of llgand to receptor results in a conformational change In the 
receptor that causes an Interaction between the effector domain and other molecule(s) In 
the cell. This Interaction In turn leads to an alteration In the metabolism of the cell. 

15 Metabolic events that are linked to receptoHlgand interactions Include gene transcription, 
phosphorylation, dephosphorylatlon, Increases In cyclic AMP production, mobilization of 
cellular calcium, mobilization of membrane lipids, cell adhesion, hydrolysis of Inositol lipids 
and hydrolysis of phospholipids. In general, receptors can be membrane bound, cytosollc 
or nuclear monomelic (e.g., thyroid stimulating hormone receptor, beta-adrenergic 

20 receptor) or mulUmerlc (e.g., PDGF receptor, growth hormone receptor, IL-3 receptor, GM- 
CSF receptor, G-CSF receptor, erythropoietin receptor and IL-6 receptor). 

One particular Intriguing embodiment of the present Invention is to transplant a vertebrate 
host with a cell according to present Invention. Such cells could be transfected with a 

25 heterologous nucleotide sequence and consequently express such heterologous protein. 
The term a "heterologous nucleotide sequence" Is herein used to describe a DNA sequence 
Inserted within or connected to another DNA sequence which codes for polypeptides not 
coded for In nature by the DNA sequence to which it Is joined. The term a "heterologous 
protein" Is herein used to describe a polypeptide that Is being expressed in a context not 

30 found In the non-transfected cells. Consequently, It is within the scope of the present 
Invention to administer a given protein or gene of Interest to an Individual In need thereof, 
comprising the step of transfectlng the cell-population of said at least bl-potent luminal 
derived epithelial cells of a mammary gland with a vector comprising DNA or RNA which 
expresses the protein or gene of Interest and Introducing the transfected cell Into said 

35 individual. Thus the use an such at least bl-potent cell to prevent and/or treat cellular 
debilitations, derangements and/or dysfunctions and/or other disease states In mammals, 
comprising administering to a mammal a therapeutically effective amount of said cells, or 
cells or tissues derived therefrom Is within the scope of the present Invention. 
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Since the at least bl-potent Immortalised suprabasal-derlved epithelial cell line of the 
present Invention Is capable of forming branching structures resembling terminal duct 
lobular units of the mammary gland not only by marker expression but also In morphology 
It Is contemplated that such cells can be used for tissue repair or transplantation. R>r 

5 Instance If patients suffer from drastic mastectomies, It Is possible to Isolate at least bl- 
potent mammary gland tissue cells from their breast by the methods of the present 
Invention. Further It Is possible to Immortalise said cells, and use them for reimplantation 
to re-englneer a breast tissue In situ. In a further useful embodiment of the Invention, a 
method of tissue repair or transplantation In mammals, comprising administering to a 

10 mammal a therapeutically effective amount of an at least bl-potent luminal derived 

epithelial cells of a mammary gland, or cells or tissues derived therefrom Is contemplated. 

Adult stem-like cells of the breast could conceivably also be used for derivation of other 
tissues. While tills technology has not yet been demonstrated, the chances are that we 
15 may be able to derive both hair forming cells and skin tissues from these cells because 
breast cells share an embryonic origin with these cells. 

In a still further aspect, the Invention pertains to the use of said at least bl-potent luminal 
derived epithelial cells of a mammary gland for the formulation of a pharmaceutical 
20 composition comprising: a therapeutically effective amount of said cells, or cells or tissues 
derived therefrom; and a pharmaceutical^ acceptable carrier. To complement the 
pharmaceutical composition, said composition could further comprise a proliferation factor 
or lineage commitment factor. 

25 In a final aspect of the Invention said at least bl-potent luminal derived epithelial cells of a 
mammary gland Is used to produce a diagnostic agent comprising said cells, or any part 
thereof. One such diagnostic agent could be a specific antibody directed against an antigen 
specific for said at least bl-potent cell of a mammary gland. 

30 Other embodiments of the Invention will be apparent to those skilled In the art from a 
consideration of the specification or practice of the Invention disclosed herein. It Is 
Intended that the specification and examples be considered as exemplary only, with the 
true scope and spirit of the Invention being Indicated by the following claims. 

35 Legends to figures 

Figure 1. Identification of n suprabasal* luminal epithelial cells In the breast- 

A. Suprabasal cells belong to the luminal epithelial lineage, (a) Double labelling 
immunofluorescence staining of epithelial specific antigen (ESA) and slalomucln 
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(MUC1). The arrow Indicates an example of an epithelial cell which apparently does not 
reach the lumen and fans to express slalomucln. (b) Double labelling 
Immunofluorescence staining of ESA and o-smooth muscle actln. Note that the 
suprabasal epithelial cells (arrow) are resting on a basal layer of a-smooth muscle 

5 actln-positlve myoepithelial cells. (xllOO; bar = 20 |im). 

B. A subset of cells within the luminal epithelial lineage Is slalomucln-negatlve. 

Uncultured, trypslnlzed breast epithelial cells were double stained to demonstrate ESA 
(green) and slalomucln (red). Whereas the majority of cells were double-stained for 
ESA and slalomucln, a small fraction stained for ESA only (arrow). (xllOO; bar = 

10 20|im). 

Figure 2. Isolation, Immortalisation and characterization of luminal and suprabasal-derived 
epithelial cells. 

A. The luminal and suprabasal-derived epithelial cells differ by slalomucln expression, 
15 immunopercoddase staining with ESA (upper row) and MUC1 (lower row) of the luminal 
(left column) and the suprabasal-derived epithelial cell line (right column). Note that 
whereas the luminal epithelial-derived cell line Is homogenous In Its staining pattern 
and expressed slalomucln (MUC1), the suprabasal epithelial cell line Is heterogeneous 
(arrows) and essentially negative for slalomucln. (x250; bar = 50 um). 
20 B. The cell lines express E6 and E7 stably. RT-PCR of HPV16 E6 and E7 show that both 
the luminal and the suprabasal-derived epithelial cells are stably transduced. 

C. The cell lines exhibit telomerase activity. TRAP assay of equal numbers of luminal and 
suprabasal-derived epithelial cell lines showed telomerase activity In transduced cells. 
Lane 1: molecular weight markers, lane 2: lumlnal-derlved epithelial cell line, lane 4: 

25 suprabasal-derived epithelial cell line, lane 3 and 5: heat Inactivated negative control 
of the cell lines, lane 6: positive control pellet, lane 7: negative control without cell 
lysate, lane 8: positive control TSR8 control template. 

D. Both the luminal and suprabasal-derived epithelial cell lines belong to the luminal 
epithelial lineage. Confluent cultures were plated on Transwell filters and assayed for 

30 transeplthellal resistance (TER), and parallel monolayer cultures were double-stained 
for daudln 1 as well as propldlum Iodide to visualize the nuclei (Inserts). Primary 
luminal epithelial cells (LEP) and myoepithelial cells (MEP) are readily discriminated by 
TER and claudln-1 expression. (x400; bar = 20pm). 

35 Figure 3. Evidence for multlpotency In the suprabasal-derived epithelial cell line. 
A. Doublestalntng with luminal epithelial K18 and myoepithelial K14 In clones of the 
lumlnal-derlved cell line and the suprabasal-derived cell line. Clonal cultures of the 
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luminal-derlved (a) and the suprabasal-derlved epithelial cells (b, c) were double- 
stained with keratin K18 and K14. No evidence for myoepithelial cells, I.e. no K14- 
stainlng was found In any of the luminal-derlved clones. Conversely, a mixture of K18- 
and K14-posItlve cells was frequently present In the suprabasal-derlved epithelial 
5 clones. (x200; bar = 40 pm). 

B. Evidence of spontaneous maturation to myoeplthelfal-restrlcted cells. 
Immunoperoxldase staining of Thy-l, a marker for myoepithelial cells. In cultures of 
suprabasal-derlved cells before (a) and after (b) purification In a Thy-l retaining 
column. The spontaneous occurrence of Thy-l stained cells Is limited to less than 1% 

10 (arrows). However, upon purification, a myoepithelial restricted subline can be 

obtained which also express a-smooth muscle actin as shown by RT-PCR(c). (x250; 
bar = 50 pm). 

C. Evidence for maturation to luminal epithelial-restricted cells. Suprabasal-derlved 
epithelial cells were cleared of sialomucln-posltlve cells and stained for sialomucln after 

15 2 weeks (a, arrows), and after further retention of the newly formed slalomudn- 
positlve cells (b). The MUC stalnlngs was confirmed by RT-PCR (c). (x250; bar =» 
50pm). 



Figure 4. Only suprabasal-derlved epithelial cells give rise to terminal duct lobular units 
20 (TDLU). 

A. Luminal epithelial- and myoeplthellahderlved cells make colonies with distinct 
morphologies In a lamlnln-rtch get. Immortalized (a, c) and primary (b, d) luminal 
epithelial-derived cells (a, b) and myoepithellal-derlved cells (c, d) were embedded as 
single cells In a lamlnin rich gel. Both Immortal luminal epithelial- and myoeplthellal- 

25 derived cells resembled the corresponding primary cells. Whereas the luminal epithelial 
cells formed acinus-like spheres with a central lumen, the myoepithelial cells formed 
Irregular solid clusters of cells. (x200; bar » 25pm) 

B. Suprabasal-derlved epithelial cells make an elaborate TDLU-ltke structure In a lamlnln- 
rich gel. Suprabasal-derlved epithelial cells (a) were embedded as single cells in a 

30 lamlnln-rlch gel and compared with the morphology of freshly Isolated, uncultured 

TDLU organoids (b). Both consist of small branching ductules terminating In globular 
acinus-like structures. (xlOO; bar ■ 50jim) 

C. Quantitation of TDLU-llke structures In lamlnln-rlch gels. Luminal and suprabasal- 
derlved epithelial cells and myoepithellal-derlved cells were embedded Inside lamlnln- 

35 rich gels and allowed to grow for 12 days. The number of TDLU-llke structures was 
quantified by phase contrast microscopy. 

D. Only suprabasal-derlved epithelial colonies In lamlnln-rlch gels resemble TDLU In vivo. 
Sections of lamlnln-rlch gels containing luminal-derlved (left column) and basal-derived 
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epithelial cells (middle column) were compared with sections of normal breast tissue 
(right column) and doublestalned for ESA and keratin K14 (a-c), and propldlum Iodide 
and lamlnln-l (d-f). Only the suprabasal-derlved epithelial cells showed a 
differentiation pattern reminiscent of normal breast tissue with an Inner layer of ESA- 
5 positive cells and an outer layer of Ki4-posltlve/ESA-negatlve cells and basal 
deposition of a lamlnln-l containing basement membrane. (x400; bar - 15pm). 

Figure 5. The suprabasal-derlved cells are keratin K19-poslWve similar to a subpopulatlon 

of cells In TDLU and neoplastic breast epithelial cells In vivo. 
10 A. Luminal epithelial- and suprabasal-derlved epithelial cells differ by expression ofmRNA 
for keratin K19. RT-PCR of keratin K19 In luminal epithelial- and suprabasal-derlved 
epithelial cells with expression in the suprabasal-derlved cells only. 

B. Luminal epithelial- and suprabasal-derlved epithelial cells differ by expression of 
keratin K19. Immunoblot of keratin K19 of protein lysates from luminal epithelial- and 

15 suprabasal-eplthelial derived cells showing expression in the suprabasal-derlved cells 
only. 

C. Keratin K19 staining In cultures of luminal- and suprabasal-derlved epithelial cells. 
Cultures were stained for keratin K19 by Immunoperoxldase and counterstalned with 
hematoxylin. Whereas the lumlnal-dertved epithelial cells were completely negative, 

20 the other cell line was heterogeneous with a large contribution from keratin K19- 
poslUve cells. (x250; bar - 50 pm). 

Figure 6. Keratin K19 staining In TDLU and Infiltrating ductal carcinoma (IDC). 

Section of breast tissue showing TDLU (a) and IDC (b) stained for keratin K19 and 
25 counterstalned with hematoxylin. Note the heterogeneous staining and the presence of 
several stained suprabasal cells In the TDLU and the more widespread staining of 
neoplastic epithelial cells In the carcinoma. (x250; bar =50pm). 

Figure 7. Clonal segregation of keratin K19-poslt!ve and K14-posltlve cells in two- and 
30 three-dimensional culture and mouse Implants of suprabasal-derlved cells. 

Clonal culture of suprabasal-derlved cells on monolayer collagen-coated plastic (A), In 
a lamlnin-rich gel (B) and Implanted orthotoplcally In the nude mouse (C) double- 
labelled with keratin K19 and keratin K14. The monolayer cultures show distinct 
evidence of bl-potency, and In three-dimension In culture as well as In vivo this 
35 organizes further Into TDLU-like structures Including terminal ducts and acini. (x400; 
40pm). 
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Examples 

EXAMPLE 1. IDENTIFICATION OF n SUPRABASAL" LUMINAL EPITHELIAL CELLS IN THE 
BREAST 

In culture, a putative "stem" cell of the human breast was defined based on a positive 
5 staining for the luminal epithelial marker ESA and a negative or weakly positive staining 
for slalomucln (MUC) (Stlngl et al. 1998). To Investigate if such a candidate stem cell could 
be identified in human breast In vivo, we double-stained histological sections of normal 
human breast tissue with epithelial-specific antigen (ESA) and slalomucln (MUC). 

10 In general, Immunocytochemlstry and confocal microscopy was performed as follows. 
Normal human breast tissue was obtained as biopsies from patients undergoing reduction 
mammoplasty for cosmetic reasons. The use of human material has been reviewed by the 
Regional Scientific-Ethical Committees for Copenhagen and Frederiksberg, Denmark and 
approved with reference to (KF) 01-161/98. The tissue was frozen In n-hexan (Merck, 

15 Darmstadt, Germany) and mounted in Tissue Freezing Medium™ (Leica Instruments, 
Heidelberg, GmbH) for sectioning. Frozen tissue was sectioned at an 8-ym setting In a 
cryostat. The sections and cell cultures were dried for 15 mln at room temperature and 
fixed In methanol as previously described (Petersen and van Deurs 1988). Primary 
antibodies directed against slalomucln (MAM6, clone 115D8, Biogenesis Ltd., Poole, UK), 

20 epithelial-specific antigen (ESA; VU-1D9, NovoCastra, Newcastle upon Tyne, UK ) and ex- 
smooth muscle actln (1A4, Slgma-Aldrich,Val(ensbdek, Denmark) were used. For an 
overview of the primary antibodies used throughout the study, see Table 4. Rabbit anti- 
mouse Immunoglobulins (Z259, DAKO, Glostrup, Denmark) were used as secondary 
antibodies and a peroxidase conjugated antl-peroxldase mouse mAb was used as tertiary 

25 antibody (P850, DAKO, Glostrup, Denmark). The peroxidase reactions were performed 
using 0.5 mg/ml 3,3-d{amlnobenzidlne (Slgma-Aldrlch, Vallensbaek, Denmark) and 
O.Spl/ml of 30% H 2 0 2 (Merck, Darmstadt, Germany, purchased from Struers KEBO LAb 
A/S, Albertsiund, Denmark) for 10 minutes. The sections were counterstained with 
hematoxylin (Mayer's hematoxylin, MHS-16, Sigma-Aldrich, Vallensbaek, Denmark). For 

30 double-labeling experiments we used Iso-type specific antibodies, all from Southern 
Biotechnology (Southern Biotechnology Associates, Birmingham, AL) as previously 
described (Ronnov-Jessen et al. 1995). Antibody Incubations were carried out for 30 mln, 
and specimens were rinsed twice for 5 mln each, all at room temperature. Some sections 
received a nuclear counter stain with lpg/ml propldlum Iodide (Molecular Probes, Eugene, 

35 OR). Afterwards sections were mounted with coverslips by use of Fluoromount-G 

(Southern Biotechnology Associates, Birmingham, AL) supplemented with 2.5 mg/ml /?- 
propyl gallate (Slgma-Aldrlch, Vallensbaek, Denmark) as previously described (Ronnov- 
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lessen et al. 1992). Immunofluorescence was visualized using a Zeiss LSM 510 laser 
scanning microscope (Carl Zeiss, Jena, GmbH). Sections were observed by use of a 20x, 
40x, 63x or lOOx objective and sliced In the z-plane Into 0.25 pm-thlck focal planes and 
exposed to visualize FTTC and Texas red or propldlum Iodide. 

5 

Most luminal epithelial cells stained as expected, i.e. MUC was expressed on the apical 
surface and ESA at the basolateral surface (Fig. 1A). 

However, it was also evident that a subset of ESA* cells in occasional acinar profiles was 
10 Indeed ablumlnal In location with no visible extensions reaching the lumen (arrow, Flg.lA, 
a). To confirm that these cells were distinct from myoepithelial cells, we double-stained for 
ESA and the myoepithelial marker a-smooth muscle actln (ct-sm actin). As expected, 
myoepithelial cells were negative for ESA, while a very minor population of basal cells were 
suprabasal and did not appear to reach the lumen or stain with a-sm actln (arrow, Fig. 1A, 
15 b). If these cells truly never reached the lumen - not even outside the sectioned plane - a 
sample of smeared trypslnized, uncultured breast cells should contain two ESA* luminal 
epithelial populations: one major being MUC* and a minor being MUC". This was found to 
be the case as evidenced by doublestalnlng of such smears for ESA and MUC (Fig. IB, a 
and b). The average frequency of MUC cells In such preparations was 8±3%. 

20 

From these experiments It is concluded that suprabasally positioned, ablumlnal cells within 
the luminal epithelial lineage also exist In the human breast. 

EXAMPLE 2. ISOLATION, IMMORTALIZATION AND CHARACTERIZATION OF LUMINAL AND 
25 SUPRABASAL-DERIVED EPITHELIAL CELLS. 

In order to show that the cells described in example 1 indeed have stem cell properties, 
the cells were Isolated by immunomagnetic sorting and characterized. 

Briefly, the luminal epithelial cells were purified from two consecutive slalomucln-columns 
30 and the suprabasal epithelial cells were purified as the flow-through from a slalomucln- 
column which was later retained In an ESA-column. To generate cell lines, we immortalised 
both populations with an E6/E7 construct of HPV16. The resulting established cell lines are 
referred to below as the luminal and suprabasal-derived epithelial cells, respectively. 

35 CELL CULTURE 

Breast luminal epithelial cells were generated from primary cultures of biopsies from 
patients undergoing reduction mammoplasty for cosmetic reasons. The tissue was 
prepared as previously described (PSchoux et al. 1999). Briefly, it was mechanically 
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disaggregated followed by enzymatic disaggregation with collagenase (CLSIII, 
900unlts/ml, Worthington, purchased from Medinova, Helterup, Denmark) to release 
epithelial organoids. The organoids were plated in CDM3 medium (Petersen and van Deurs 
1987; Petersen and van Deurs 1988) on collagen-coated (8iig/cm 2 ; Vitrogen-100, Cohesion, 
5 Palo Alto, CA) T-25 flasks (Nunc, Roskilde, Denmark). Cells were kept at 37°C In a 
Heraeus Incubator In a humidified atmosphere of 75% N 2 , 20% 0 2 , and 5% C0 2 , and the 
medium was changed three times a week. In some instances organoids were trypslnlzed 
directly after collagenase digestion to obtain uncultured single cells for smears, which were 
fixed In methanol (Merck, Darmstadt, Germany) and further analysed. 

LUMINAL CELLS 

Luminal epithelial cells were purified after organoids had spread out to monolayers in 
primary culture. Cells were trypslnlzed and filtered as previously described (P&houx et al. 
1999). All cell separations were carried out by use of the MinlMACS magnetic cell 

15 separation system according to the manufacturer's Instructions (Milltenyl Biotech, 

Gladbach, GmBH). The luminal epithelial cells were separated Immunomagnetically from 
myoepithelial cells by retention In two consecutive antl-sialomucln (MAM6, clone 115D8, 
Biogenesis Ltd., Poole, UK) columns, and plated in CDM6 as pevlously described (Pdchoux 
et al. 1999). The cells were Immortalised In passage 3 (for procedure, please see below), 

20 and cultured In CDM3 (Petersen and van Deurs 1987; Petersen and van Deurs 1988) until 
passage 11, where the medium was switched to H14 (Blaschke et al. 1994)(D382, Table 
in). 

SUPRABASAL-DERIVED EPITHELIAL CELLS 
25 Similar to the situation with the luminal epithelial ceils suprabasal-derived epithelial cells 
were purified after organoids had spread out to monolayers In primary culture. Cells were 
similarly trypslnlzed and filtered and all cell separations were carried out by use of the 
MinlMACS magnetic ceil separation system according to the manufacturer's instructions 
(Militenyl Biotech, Gladbach, GmBH). 

30 

The luminal ceil population containing the suprabasal ESA+/MUC- cells was isolated as the 
flow-through of an anti-slalomudn (MAM6, done 115D8, Biogenesis Ltd., Poole, UK) 
column, and plated in Dulbecco's Modified Eagle Medium: Nutrient Mixture F-12 (DMEM/F- 
12, 1:1, GibcoBRL, LifeTechnologles, TSstrup, Denmark) with glutamlne (2mM, GibcoBRL, 
35 LifeTechnologles, Tastrup, Denmark) supplemented with cholera toxin (lOng/ml, Slgma- 
Aldrlch, Vallensbaek, Denmark), epidermal growth factor (lOOng/mi, PeproTech EC LTD, 
London, UK) and keratlnocyte growth factor (10 \ig/m\, PeproTech EC LTD, London, UK). 
Since all cultured breast epithelial cells In contrast to fibroblasts expressed 04-integrln (T. 
Gudjonsson, unpublished observations and (Gudjonsson et al.ln press 2001), residual 
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fibroblasts were removed by retaining epithelial cells In a p4-integrtn (3E1, Chemlcon 
International, Temecula, CA) column. The purified epithelial cells, now In third passage, 
were then plated in DMEM/F-12 (1:1, GibcoBRL, UfeTechnologles, Tistrup, Denmark) 
supplemented with glutamlne (2mM, GibcoBRL, UfeTechnologles, TSstrup, Denmark), 10% 
5 fetal calf serum (E.C. approved, virus and mycoplasma tested, GibcoBRL, UfeTechnologles, 
Tistrup, Denmark), Insulin (3ng/ml, Boehrlnger Mannheim, Roche, Hvldovre, Denmark), 
hydrocortisone (1.4x10* M, Slgma-Aldrlch, Vallensbaek, Denmark) and epidermal growth 
factor (lOOng/ml, PeproTech EC LTD, London, UK), and Immortalised (please see below). 
In passage 6, the medium was switched to H14 (Blaschke et al. 1994). 

10 

D492 

The suprabasal epithelial cells (D492, DMSZ no. DMS ACC 2529) were collected In passage 
27 by retention of cells by an anti-ESA (VU-1D9, NovoCastra, Newcastle upon Tyne, UK) 
column (D492, Table ni). 

15 

D490 

The procedure was repeated with luminal cells from another biopsy with the following 
modifications: retention of p4-posltlve epithelial cells In second passage, flow-through of 
an antl-sialomucln column In passage 3, followed by immortalisation, switch to H14 In 
20 passage 6, and isolation of suprabasal epithelial cells, comparable to D492, by retention In 
an anti-ESA column In passage 10 (D490, Table in). 

TH69 

Finally, a thlid suprabasal cell line (TH69, Table III) was generated as the flow-through of 
25 an anti-sialomudn column, followed by retention In an anti-ESA column In second passage, 
Immortalisation In passage 3, and subsequent switch to H14 in passage 6. 

NON-IMMORTALISED SUPRA BASAL- DERIVED EPITHELIAL CELLS 

To further verify that suprabasal cells with similar properties could be obtained without 

30 immortalisation, ESA + /MUC suprabasal cells were purified directly from primary cultures 
from two different biopsies as the flow-through of an antl-sialomucln (MAM6, clone 115D8, 
Biogenesis Ltd., Poole, UK) column followed by retention In an anti-ESA (VU-1D9, 
NovoCastra, Newcastle upon Tyne, UK) column (TH82 and TH95, Table III). The purified 
third passage suprabasal cells were embedded directly in 300 pi Matrigel® and cultured for 

35 2 weeks In CDM3 medium (Petersen and van Deurs 1987; Petersen and van Deurs 1988), and 
within this period TDLU-like structures were formed. 
MYOEPITHELIAL-DERIVED CELLS 

For Isolation and purification of myoeplthellal-derlved cells we used an antibody against 
Thy-l (AS02, Dlanova, Hamburg, GmbH) (Gudjonsson et al 2001). 
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ESTABLISHMENT OF IMMORTALIZED CELL LINES AND CLONAL CULTURES 
The luminal epithelial and suprabasal epithelial cells were transduced with sterile filtered 
retrovlrus-contalnlng supernatant from the PA317 LXSN HPV16E6E7 packaging cell line 
5 (CRL-2203, ATCC, Rockville, MD) In the presence of 8^g/ml polybrene (Slgma-Aldrlch, 
Vallensbaek, Denmark) (Band et al. 1990; Wazer et al. 1995). Transduced cells were 
selected In the presence of 100 ng/ml G418 (Life Technologies, Tastrup, Denmark). 
Established cell lines were kept routinely in H14 medium (Blaschke et al. 1994). Clonal 
cultures were prepared according to a protocol for prostate epithelial cells (Hudson et al. 
10 2000). Briefly, 1000 or 5000 cells (10 times more In 3-dimenslonal lamlnln rich gels) were 
plated onto collagen-coated (Vitrogen-100, Cohesion, Palo Alto, CA) T-25 flasks (Nunc, 
Roskllde, Denmark) In serum-free H14 medium and kept for 2 weeks prior to staining. 

The resulting Immortalised cell lines were tested for their tumortgenlc properties In a 
15 standard tumorigenlcity assay. Briefly, 10 7 cells immortalised cells were Inoculated 

subcutaneously Into BALB/C nude mice. The mouse were followed by weekly Inspections by 
palpation of the Injection site. None of the cell lines were tumorigenlc even after prolonged 
Incubation . 

TELO M ERAS E- ACTIVITY 

20 The telomerase activity was determined with the TRAP assay (Kim et al. 1994) using the 
TRAPeze Telomerase Detection Kit (Intergen, Oxford, UK) according to the manufacturer's 
Instructions. Cells were grown to 70-80 % confluence, trypslnlzed and counted. A lysate 
volume equal to 1000 cells was used for each reaction, and electrophoresed on a 12% 
nondenaturlng acrylamlde gel (BioRad, Herlev, Denmark), stained In SYBR green 1 

25 (Molecular Probes, Leiden, The Netherlands) and visualized by UV transillumination and 
Image recording In a Gel Doc 1000 (BioRad, Herlev, Denmark). 

TRAN SEPITH EUAL ELECTRICAL RESISTANCE (TER) 

ForTER measurements, cells were plated on polycarbonate filters with a pore size of 
30 0.4>im (Corning Costar Corporation, Cambridge, MA) and allowed to reach confluency. A 
Milllcell-ERS volt-ohm meter (Millipore, Hedehusene, Denmark) was used to determine the 
TER value. All TER values were normalized for the area of the filter and were obtained 
after background subtraction. All experiments were done In triplicate. 

35 RESULTS 

As seen in Fig. 2A, the resulting established cell lines were ESA7MUC* (D382)and 
ESA*/MUC(D492), respectively. The cell lines displayed Immortalised characteristics: they 
have been cultured for more than 50 passages over 2 years and continue to express both 
E6 and E7 (Fig. 2B), and a distinct telomerase activity which is absent from finite life span 
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breast epithelial cells (Fig. 2C) (Stampfer et al 2001). Importantly, the Immortalised D492 
cell line were tested and found non-tumorlgenlc and In the case of the D492 cell line it was 
found that it has a diploid karyotype (46, XX) even after more than one year in culture and 
25 passages. 

5 Three suprabasal cell lines with similar characteristics were established (D492, D490 and 
TH69). The latter was Isolated as the flow-through of an antl-slalomucin column, directly 
followed by retention In an antl-ESA-column prior to immortalisation. Moreover, the 
retention step In a p4-lntegrln column was omitted. This Indicates that the ESAV MUC 
cells are Indeed present initially and thus, do not occur as a result of Immortalisation. 

10 

Whereas the luminal-derived epithelial cell line continued to be homogeneous (Fig. 2A, 
left), the suprabasal-derlved epithelial cell line contained occasional subpopulatlons of ESA* 
cells and MUC* cells (Fig. 2A, right, arrow). Double Immunofluorescence staining for ESA 
and MUC (not shown) revealed that this cell line contained three cellular subtypes: the 

15 majority population was ESA+/MUC and two minor populations were either ESA7MUC or 
ESA7MUC*. To substantiate that both cell lines belonged to the luminal epithelial lineage, 
even though one of them was essentially devoid of luminal epithelial MUC expression, we 
tested for a marker that Is a hallmark of glandular epithelial phenotype - that of functional 
tight junctions. This was carried out by staining for the tight junction proteins claudln and 

20 occludln as described In example 1 but using antibodies against occludin (OC-3F10, Zymed 
Laboratories, San Francisco, CA) and polyclonal claudln- 1 (Zymed Laboratories, San 
Francisco, CA) as primary antibodies, see also Table 4. Furthermore the level of 
transepithellal electrical resistance (TER) In confluent cultures on transwell filters was 
measured. By these criteria, primary luminal epithelial cells were readily distinguished 

25 from primary myoepithelial cells (Fig. 2D). As also seen in Fig. 2D, the newly established 
cell lines both resembled luminal epithelial cells by staining at the cell boundaries for tight 
junction proteins (see Inserts) and exhibiting a high TER. We conclude that both cell lines 
belong to the luminal epithelial lineage. 

30 EXAMPLE 3. CLONAL CELL LINES OF THE SUPRABASAL-DERIVED EPITHELIAL CELL LINE 
ARE MULTIPOTENT 

Clonal cultures were established and double-stained for keratin K18 (luminal marker) and 
K14 (myoepithelial marker) as described in example 1 by using antibodies against keratin 
K18 (F3006; Trlchem Aps, Denmark) and keratin K14 (LL002, NovoCastra, Newcastle upon 
35 Tyne, UK) as primary antibodies, se also Table 4. 

Whereas the lumlnal-derlved epithelial ceil line did not generate any myoepithelial cells 
and stained for K18 only, the suprabasal-derlved cell line readily formed mixed clones of 
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luminal epithelial and myoepithelial cells (Fig. 3A). We found that these myoepithelial cells 
represented a primitive level of myoepithelial differentiation because <1% of the cells 
expressed other myoepithelial markers such as Thy-1 (Fig. 3B, a). The staining for Thy-1 
was performed as described In example 1 using the Thy-1 (ASO-2, Dianova, Hamburg, 
5 GmbH) as primary antibody, see also Table 4. However, If the cells were retained In a 
Thy-1 column, a myoeplthellal-restricted subline could be generated which also expressed 
a-smooth muscle actin which is restricted to postmitotic myoepithelial cells In vivo (Fig. 
3B) (Sapino et al. 1990). The staining for a-smooth muscle actin were performed as 
described in example 1. We reasoned that, if K18+ cells were also precursor ceils of a 

10 lineage-restricted progeny within the luminal compartment, they could further mature 
within this compartment to differentiated cells. Sialomucln-expresslng cells were 
eliminated by retention on a slalomucln-retalnlng column, but evidence for spontaneous 
maturation Into sialomucln-positive cells was provided by the reccurrence of these cells 
within 2 weeks (Fig. 3C, a). These cells In tum could be retained in a similar column and 

15 kept as lineage-restricted in high-density cultures in the presence of serum (Fig. 3C, b, c). 
Taken together, these observations provide evidence for the existence of a suprabasal, 
multipotent epithelial cell belonging to the luminal epithelial lineage that can give rise to 
differentiated myoepithelial and luminal epithelial cells, and their precursors. 

20 EXAMPLE 4. ONLY SUPRABASAL-DERIVED EPITHELIAL CELLS GIVE RISE TO TERMINAL 
DUCT LOBULAR UNITS (TDLU) 

In the mouse and rat, the standard criteria for the presence of stem cells has been the 
ability to regenerate the entire structure of the mammary gland upon reimplantation of 
cells in syngeneic gland-free fat pads (Smith and Medina 1988). We performed a similar test 

25 in a three-dimensional lamlnln-rlch gel as previously described (Petersen et al. 1992). 
Briefly, for three-dimensional cultures, 2.5 x 10 5 lumlnal-derlved, suprabasal-derived, and 
myoeplthelial-derived cell lines were plated separately Inside rBM (Matrlgel®, lot# 40230A, 
Becton Dickinson, MA). Experiments were carried out In 24 well dishes (Nunc, Roskilde, 
Denmark) using 300 \i\ Matrlgel in which single cells were suspended. Primary luminal 

30 epithelial cells, myoepithelial cells and uncultured terminal duct lobular unit (TDLU) 

organoids from the breast were used as control (Petersen et al. 1992). The percentage of 
TDLU formation defined by branching of cell clusters was quantified by phase contrast 
microscopy using a lOx objective and a lOx eye piece. 

35 In this test the lumlnal-derlved epithelial cell line or the myoeplthellal-derlved cells yielded 
morphologies very similar to what has already been described for primary breast cells 
(Petersen et al. 1992) (Fig. 4A). In contrast, embedding the suprabasal-derived epithelial 
cells gave rise to formation of larger, more elaborate morphologies resembling the entire 
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functional unit of the breast gland, i.e. the terminal duct lobular unit (TDLU) (Fig. 4B and 
C). A similar frequency of TDLU structures (73%) was recorded if suprabasal cells were 
freshly prepared from primary cultures from two different biopsies. Sections of laminin-rlch 
gels embedded with the suprabasal-derlved epithelial cells and stained for differentiation 
5 markers of normal breast revealed a remarkable similarity to TDLU 's In vivo (Fig. 4D). 

To provide evidence that this ability to generate a suprabasal-derlved epithelial cell line 
from the human breast with all the above mentioned stem cell characteristics was not 
simply of this particular cell Isolation we repeated the entire protocol including 
10 immortalisation of cells from a different biopsy twice, and we were able to reproduce the 
TDLU assay. Collectively, these data are In strong support of "suprabasal" cells within the 
luminal epithelial lineage as precursors of the TDLU, the functional units in the human 
breast. 

15 EXAMPLE 5. THE SUPRABASAL-DEWVED CELLS ARE KERATIN K19 + SIMILAR TO A 
SUBPOPULATTON OF CELLS IN TDLU AND NEOPLASTIC BREAST EPITHELIAL CELLS IN 
VIVO 

To Identify a candidate subpopulatlon within TDLU In which the stem cell could reside, we 
performed an analysis of the luminal epithelial markers expressed by the two established 
20 cell lines. 

Cells were stained for keratin K19 as described in example 1 but using keratin K19 (BA17 
and RCK108, DAKO, Glostrup, Denmark) as primary antibody, see also Table 4. Thus, 
keratin K19 was Identified as a distinctive trait expressed only by the suprabasal-derlved 
25 epithelial cells (Table 1). This difference In phenotype was confirmed further by reverse 
transcription PCR (RT-PCR), Immunoblottlng and Immunostainlng (Fig 5A-C). 

RNA Isolation and reverse transcription PCR were performed as follows: Total RNA was 
extracted from monolayer cultures with Trlzol® according to the manufacturer's 

30 instructions (Life Technologies, TSstrup, Denmark). DNase-treated (DNase I Amp Grade, 
Ufe Technologies, TSstrup, Denmark) total RNA (1.3pg) was used as template for first 
strand synthesis with ollgo dT primers (Superscript First-Strand Synthesis System for RT- 
PCR, Ufe Technologies, TSstrup, Denmark) In a 20pl volume. A volume of lpl from this 
cDNA served as template for the subsequent PCR-amplifications In a PE 9700 thermal 

35 cycler with a heated lid (Applied Biosystems, Naerum, Denmark), using primers (purchased 
from TAG Copenhagen, Copenhagen, Denmark) specific for HPV16 E6 and E7 (HPV16 E6 
and HPV16 E7, respectively), keratin K19 (K19), slalomucin (MUC1), a-smooth muscle 
actln (aSM Actln) and glyceraldehyde 3-phosphate dehydrogenase (GAPDH). The primer 
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sequences, annealing temperature (TO and number of amplification cycles for each 
reaction, as well as the resulting product size are listed below (Table 2). Each PCR-reactlon 
was Initiated with a 15 mln Incubation step at 95°C, followed by the specified number of 
cycles with denaturatlon at 94°C, annealing at the specified T A , and extension at 72°C, for 
5 lmln each, followed by a final extension step at 72°C for 7 mln. Each reaction was 
performed In a 50*il volume containing 2.5U HotStar taq polymerase (Qlagen, KEBO Lab 
A/S, Albertslund, Denmark), lOxPCR buffer including MgCI 2 (Qlagen, KEBO Lab A/S, 
Albertslund, Denmark), 200|iM dNTP (Roche, Hvidovre, Denmark) and 200nM of forward 
and reverse primers. 

10 Control amplification was performed on RNA samples not subjected to reverse transcription 
to verify that no contaminating genomic DNA was present (data not shown). The PCR 
products were analysed by electrophoresis in 1.5% agarose gels (GibcoBRL, Life 
Technologies, TSstrup, Denmark). 

15 Brleflly, the immunoblottlng was performed by lyslng semi-confluent T-25 flasks of 
luminal- and suprabasal-derlved epithelial cells, and T47D breast cancer cells (positive 
control; (Keydar et al. 1979)) for 30 mln at 4°C In buffer containing l%Triton X-100 
(Merck, Darmstadt, Germany), 1% deoxychollc acid (Sigma-Aldrlch, Vallensbaek, 
Denmark), 10% glycerol (Apotek Austurbaejar, Reykjvik, Iceland), 20 mM Tris-HCI (USB, 

20 Cleveland, Ohio, US), pH 7.5,150 mM NaCI (Merck, Darmstadt, Germany), 2.5 mM EDTA 
(Tltriplex n, Merck, Darmstadt, Germany), 1 mM PMSF(phenylmethylsuifonyl flourlde, 
Slgma-Aldrlch, Vallensbaek, Denmark), 1% aprotlnln (trasylol, Sigma-Aldrlch, Vallensbaek, 
Denmark), 100 pM NaV0 3 (Slgma-Aldrich, Vallensbaek, Denmark). The lysates were 
centrifuged and samples were subjected to 12% SDS-PAGE and run at 35 mV for 4 hours. 

25 The loading of lanes was equilibrated based on protein determinations by the Bio-Rad 
protein assay (Bio-Rad Laboratories, Hercules, CA). The samples were electrophoretically 
transferred to Immun-Blot PVDF Membrane (BioRad Laboratories, Hercules, CA) at 400mA 
for 3-4 h at 4°C In 20% methanol (Merck, Darmstadt, Germany), 0.2 M glycine (USB, 
Cleveland, Ohio, US), and 25 mM Tris-HCI (USB, Cleveland, Ohio, US). Blots were blocked 

30 In phosphate-buffered saline containing 5% dried milk (Osta og SmJ6rsalan, Reyl^avik, 
Iceland) and 0.05% Tween-20 (USB, Cleveland, Ohio, US) for 1 h at room temperature 
before probing with antl-keratln K19. The blots were washed three times for 10 mln In 
phosphate-buffered saline containing 0.05% Tween-20 (USB, Cleveland, Ohio, US) and 
then Incubated with the anti-mouse IgG, horseradish peroxidase linked whole antibody 

35 (NA931, Amersham Pharmacia Biotech, Amersham, UK). After washing, bound antibodies 
were visualized using the ECL Immunoblottlng detection system (Amersham Pharmacia 
Biotech, Amersham, UK). 
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Immunostalnlng was preformed as described previously. Primary antibodies directed 
against keratin K19 (BA17 and RCK108, DAKO, Glostrup, Denmark) were used, see also 
Table 4. 

5 In tissue sections of normal breast we found a limited expression of keratin K19 including 
staining of suprabasal cells (Fig. 6a, arrow), whereas In the majority of breast carcinomas, 
the neoplastic epithelial cells stain positive for keratin K19 (Bartek et al. 1985) (Fig. 6b), 
If the keratin K19 + cells were Indeed potential stem cells, then the suprabasal-derlved 
epithelial cell line should show evidence of multlpotency with regard to keratin K19 

10 expression. As seen In Fig. 7A, clones could be identified which diversified into both K14 + 
and K19 + cells. Similarly, cloning In lamlnln-rlch gels also resulted In formation of TDLU 
structures, which showed correct segregation of cells Into suprabasally/Iumlnally positioned 
K19+ cells and basally located K14* cells (Fig. 7B). 

15 Finally, to provide yet further evidence for the morphogenlc potential of these cells In vivo, 
we Inoculated the fat pad of nude mice after preembeddlng the cells In a mixture of 
collagen gel and rBM (Yang et al, 1994). Briefly, luminal- and suprabasal-derlved epithelial 
cells were Inoculated subcutaneously Into BALB/C nude mice after preembeddlng 106 cells 
In 500DI of a mixture of collagen and rBM (20% Matrlgel® (lot* 40230A, Becton 

20 Dickinson, MA) /80% collagen (Vitrogen-100, Cohesion, Palo Alto, CA)) (Yang et al. 1994). 
The mice were sacrificed after one week and the Implants were sectioned and stained (see 
above). 

We used this assay to show that the suprabasal-derlved epithelial cell line segregated Into 
25 suprabasal/lumlnal keratin K19 + cells and basal keratin K14* cells (Fig. 7C). 

It Is concluded that the suprabasal-derlved epithelial cells have an easily Identifiable 
equivalent In vivo which appears to be Identical to the stem cell of normal human breast. 

30 The experiments described here establish both the existence of candidate multlpotent stem 
cells in the human breast and the fact that they can be Immortalised without loss of stem 
cell potential. The experiments also outline a method for their isolation and further 
characterization. The multlpotent cell line was derived from a suprabasally located cell In 
vivo which nevertheless belongs to the luminal epithelial lineage as evidenced by 

35 expression of ESA, claudin-1, keratins K18 and K19, but also by the ability to form 

monolayers that display a high TER. Embedding clonal populations In a three dimensional 
basement membrane gel or In mammary fat pads of mice reveal that the suprabasal- 
derlved cell line recapitulates an elaborate morphology closely reminiscent of TDLU in vivo. 
We propose that cells with a suprabasal position within the luminal epithelial lineage 
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(K19*, ESA + , MUC) are candidate breast stem cells and putative precursors to human 
breast TDLUs. 
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TABLES 



Table 1. Keratin K19 is a distinctive trait expressed only by suprabasal-derlved epithelial cells as revealed by 
immunocytochemtcal staining. 



Differentiated trait 


Lumlnal-derlved epithelial cells 


Suprabasal-derlved epithelial 
cells 


Claudin-1 


+ 


+ 


Occludln 


+ 


+ 


epithelial-specific 
antigen (ESA) 


+ 


+ 


Keratin K18 


+ 


+ 


Keratin K19 




+ 


slalomucin (MUC) 


+ 


j +/+ 


E-cadherin 


+ 


+ 



5 See table 4 for description of primary antibodies. 



Table 2. Primer sequences 



Primer 


Sequence (5'-3* direction) 


Ta(Q 


cycles 


Product Size (bp) 


HPV16E6-FW 


GCAACAGTTACTGCGACGTG 


55° 


30 


234 


HPVI6E6-RV 


GGACACAGTGGCTTTTGACA 








HPV16E7-FW 


GATGGTCCAGCTGGACAAGC 


55° 


30 


143 


HPV16E7-RV 


GTGCCCATTAACAGG'lUriU 








K19-FW 


GAGGTGGATTCCGCTCCGGGCA 


58° 


25 


462 


K19-RV 


ATCTTCCTGTCCCTCGAGCAG 








MUC1-FW 


GTACCATCAATGTCCACGAC 


60* 


30 


351 


MUC1-RV 


CTACGATCGGTACTGCTAGG 








aSM Actin-FW 


GGAATCCTGTGAAGCAGCTC 


56° 


32 


1200 


aSM Actin-RV 


CACAGTTGTGTGCTAGAGACAGAG 








GAPDH-FW 


GAAGGTGAAGGTCGGAGT 


54° 


25 


226 


| GAPDH-RV 


GAAGATGGTGATGCGATTTC 









10 



Primers were specific for human papilloma virus!6 E6 and E7 (HPV16 E6 and HPV16 E7, respectively), keratin 
K19 (K19), Sialomucin (MUC1), a smooth muscle actin (aSM Actin) and giyceraldehyde 3-phosphate 
dehydrogenase (GAPDH). FW: forward primer, RV: reverse primer. 
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Table 3. 

ABREVIATZONS USED IN TABLE 3: 

Exp no.: number of experiment. 
5 MACS: MiniMACS magnetic cell separation system. 

MAM6-: flow-through of an antl-slalomucln column. 

MAM6+: retention In an antl-slalomucln column. 

P4+: retention In a p4-integrin column. 

ESA+: retention In an antl-ESA column. 
10 §: DMEM/F-12 medium 1:1 supplemented with glutamine, 2mM final. 

COM3: CDM3 medium (Petersen and van Deurs 1987; Petersen and van Deurs 1988) 

CDM6: CDM6 medium (P&houx et al. 1999) 

H14: H14 medium (Blaschke et al. 1994) 

CT: cholera toxin (lOng/ml final). 
15 EGF: epidermal growth factor (lOOng/ml final). 

KGF: keratlnocyte growth factor (10 pg/ml final). 

I: Insulin (3jig/ml final). 

H: hydrocortisone (1.4xl0 6 M final). 

FCS: fetal calf serum (E.C. approved, virus and mycoplasma tested). 



Biopsy P595 (D492, suprabasal cell line) 



Exp no. 


Passage 


MACS 


Media 1 


Immortalized 


D470 


1 




CDM3 




D480 


2 


MAM6- 


§+CT+ EGF+KGF 




D486 


3 


04+ 


§+10%FCS+I+H+EGF 




D492 


3 




§+10%FCS+I+H+EGF 


X 1 




6 




H14 






27 


ESA+ 


H14 





25 
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Biopsy P594 (D490, suprabasal cell line) 



ex p. no 




MACS 


Media 


Immortalized 


D467/1 


X 








D467/8 


1 




c_i_ i no/ crcj.Tj.UxP/zr 

S+lOTorCo+l+n+cor 




U4O//0*/ 


X 




S+CT+EGF 




475/2 


2 


MAM6- 


§+10%FCS+I+H+EGF 




477/1 


2 


04+ 


§+ 10%FCS+I+H+ EGF 




478/1 


2 


P4+ 


§+CT+EGF | 




D490/1 


3 


MAM6- 


§+10%FCS+I+H+EGF 




D500(D490/1) 


3 




§+10%FCS+I+H+EGF 


X 




6 




H14 






10 


ESA+ 


H14 




Biopsy A245 (TH69, suprabasal cell line) 


Exp. no 


Passage 


MACS 


Media 


Immortalized 


A245 


1 




CDM3 




TH65 


2 


MAM6- 


CDM3 




TH68 


3 


ESA+ 


COM3 




TH69 


3 




CDM3 


X 




3 




CDM3+10%FCS 






4 




COM3 






6 




H14 





5 



Biopsy P591 (D382, luminal cell line) 



Exp no. 


Passage 


MACS 


Media 


Immortalized 


0346 | 


1 




CDM3 




D360 


2 


MAM6+ 


CDM6 




D369 


3 


MAM6+ 


CDM6 




D382 


3 




CDM3 


X 




11 




H14 
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Biopsy A253 (TH82, primary suprabasal cells) 



Exp no. 


Passage ! 


MACS 


Media 


A253 


1 




COM3 


TH78 


2 


MAM6- 


COM3 


TH82* 


3 


ESA+ 





5 

Biopsy A269 (TH95, primary suprabasal cells) 



Exp no. 


Passage 


MACS 


Media 


A269 


1 




CDM3 


TH90 


2 


MAM6- 


CDM3 


TH95* 


3 


ESA+ 





* After ESA purification cells were Immediately embedded Into 300 nl 
Matrlgel® and cultured for 2 weeks In CDM3 medium. 

10 
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Table 4. Primary antibodies. 



antibody directed against 


antibody description (name and provider) 


keratin K1 8 i 


F3006; Trichem Aps, Denmark, 


keratin K19 


BA17, DAKO, Glostrup, Denmark! i 


keratin K19 


RCK108, DAKO, Glostrup, Denmark, 


sialomucin 


MAMS, clone 115D8, Biogenesis Ltd., Poole, UK, 


occludin 


OC-3F10, Zymed Laboratories, San Francisco, CA. j 


polyclonal claudin-1 


Zymed Laboratories, San Francisco, CA, 


epithelial-specific antigen 


ESA; VLMD9, NovoCastra, Newcastle upon Tyne, UK , 


E-cadherin 


HECD-1, kindly provided by Dr. Atsushi Ochiai, Tokio, Japan, 


Thy-1 


ASO-2, Dlanova, Hamburg, GmbH, 


a-smooth muscle actin 


1A4, SIgma-Aldrich,Valiensba3k. Denmark, 


vimentln 


V9, DAKO, Glostrup, Denmark, 


a1 chain of laminin-1 


EB7, kindly provided by 1. Virtanen, University of Helsinki, 


keratin K14 


LL002, NovoCastra, Newcastle upon Tyne, UK. 
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Claims 

1. An Isolated cell, derived from luminal epithelial cells of a mammary gland, which Is 
capable of proliferating and capable of differentiating into cells of mammary gland luminal 

5 epithelial and myoepithelial cell lineages. 

2. A cell according to claim 1 which is Isolated from suprabasal luminal epithelial cells of 
the mammary gland. 

10 3. A cell according to claim 2 which Is a human cell. 

4. A cell according to any of claims 1-3 which Is capable of forming a cell culture 
comprising cells which are positive staining for the luminal epithelial marker ESA (ESA+) 
and negative or weakly positive staining for slalomucln (MUC-), (ESA+/MUC-) cells. 

15 

5. A cell according to any of claims 1-4 which Is immortalised. 

6. A cell population composed of cells according to any of claims 1-5. 

20 7. An Immortalised ceil line derived from the cell of claim 5. 

8. An immortalised cell line according to claim 7, wherein the Immortalising step comprises 
transfectlng the cells with a nucleic acid molecule encoding an immortalising polypeptide. 

25 9. An Immortalised cell line according to claim 8, wherein the Immortalising step comprises 
transfectlng the cells with a nucleic add molecule encoding a papillomavirus polypeptide 
selected from the group consisting of E6, E7 and a nucleic acid molecule comprising E6 and 
E7. 

30 10. An Immortalised cell line according to claim 8, wherein the immortalising step 

comprises transforming the cells with at least one retroviral vector Including an expression 
cassette comprising a nucleic acid molecule encoding a papillomavirus polypeptide selected 
from the group consisting of E6, E7 and a nucleic acid molecule comprising E6 and E7, and 
selecting the Immortalised cells. 

35 

11. An Immortalised cell line according to claim 10, wherein the Immortalising step Is 
performed by transforming the cells with retrovlrus-contalnlng supernatant from the PA317 
LXSN HPV16E6E7 cell line and selecting the Immortalised cells. 
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12. An Immortalised cell line according to any of claims 7-11 that In culture is capable of 
forming branching structures resembling terminal duct lobular units of the mammary gland 
In morphology and/or by marker expression. 

5 13. An Immortalised cell line according to any of claims 7-12 which comprises cells that 
are positive staining for the keratin K19. 

14. An Immortalised cell line according to any of claims 7-13 that Is derived from a cell 
selected from the group consisting of a rodent cell, a porcine cell, a ruminant cell, a bovine 

10 cell, a caprine cell, a equine cell, a canine cell, a ovine cell, a feline cell and a primate cell. 

15. An Immortalised cell line according to claim 14 that Is selected from the group 
consisting of cells from mice, rats and rabbits. 

15 16. An Immortalised cell line according to claims 14 that Is a human cell line. 

17. The Immortalised cell line according to claim 7 which Is deposited In accordance with 
the provisions of the Budapest Treaty on the International Recognition of the Deposit of 
Microorganisms for the Purposes of Patent Procedure at Deutsche Sammlung von 

20 Mlkroorganlsmen und Zellkulturen GmbH (DSM2) and has obtained the accession number 
DMS ACC 2529. 

18. A method for Isolation of an at least bi-potent mammary gland tissue cell, comprising 
the steps of: 

25 

(I) separating said tissue into two or more different cell types 

(II) culturing each of said different cell types under cell differentiation conditions and 

30 (III) selecting the cell type(s) that Is/are capable of differentiating Into at least two 
morphologically and/or phenotyplcally different cell types. 

19. A method according to claim 18 in which the at least bl-potent cell is a cell according to 
any of claim 1-5. 

35 

20. A method for testing the toxic effect, If any, of a substance on mammary gland 
epithelial cells, the method comprising: 

(i) culturing or maintaining the cells of any of claims 1 - 17 In a non-toxic medium; 
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(ii) adding the substance to be tested to the medium; and 

(Hi) determining the response, if any, of the cells, Including changes In cell growth rate, 
5 cell death rate, apoptosls, cell metabolism, Inter- as well as Intra-cellular communication, 
morphology, mRNA or protein expression and antigen expression. 

21. A method for testing the carcinogenic effect, if any, of a substance on mammary gland 
epithelial cells, the method comprising: 

10 

(i) culturing the cells of any of claims 1 - 17 In a growth medium which maintains the cells 
as non-transformed cells; 

(ii) adding the agent, compound or factor under test to the cell culture; and 

15 

(ill) determining the neoplastic response, if any, of the so contacted cells by changes In 
morphology, tumorigenicity in animals, mRNA expression and/or antigen expression as 
well as other changes which is associated with carclnogenicy. 

20 22. A method as claimed in claim 21, wherein the tumorigenicity test comprise the 
introduction af said treated cells into an Immune incompetent test animal. 

23. A method of testing the ability, if any, of a substance to modulate the differentiation of 
non-terminal differentiated mammary gland epithelial cells, the method comprising: 

25 

(I) culturing or maintaining the cells of any of claims 1 - 17 in a medium which in tlself 
does not modulate the differentiation; 

30 (ii) adding the substance under test to the cell culture; and 

(III) determining the differentiation modulation responses, if any, of the so contacted cells 
by changes In cell growth rate, cell death rate, apoptosls, cell metabolism, Inter- as well as 
Intra-cellular communication, morphology, mRNA or protein expression or antigen 
35 expression as well as other changes which Is associated with differentiation. 

24. A method for screening a substance for its ability, if any, to Interact with a cellular 
protein, the method comprising: 
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(i) transfectlng a cell of any of claims 1-17 with a gene construct enabling transfected 
cells to express said protein; 

(II) adding the substance to be tested to the cells; and 

5 

(III) determining the Interaction, If any, with a cellular protein by changes In cell growth 
rate, cell death rate, apoptosls, cell metabolism, Inter- as well as Intra-cellular 
communication, morphology, mRNA or protein expression, antigen expression or other 
changes which either directly or Indirectly Is supposed to be associated with said protein. 

10 

25. A method according to claim 24 In which said cellular protein is selected from the 
group consisting of estrogen receptor-alpha, estrogen receptor-beta and progesterone 
receptor. 

15 26. A method of transplanting a vertebrate host with a cell according to any of claims 1-5, 
comprising the step of Introducing the cell Into the vertebrate host. 

27. A method of In vivo administration of a protein or gene of Interest to an Individual In 
need thereof, comprising the step of transfectlng the cell-population of any of claims 1-5 

20 with a vector comprising DNA or RNA which expresses the protein or gene of Interest and 
Introducing the transfected cell Into said Individual. 

28. Use a cell according to any of claims 1 - 5 to prevent and/or treat cellular debilitations, 
derangements and/or dysfunctions and/or other disease states In mammals, comprising 

25 administering to a mammal a therapeutically effective amount of said cells, or cells or 
tissues derived therefrom. 

29. A method of tissue repair or transplantation In mammals, comprising administering to 
a mammal a therapeutically effective amount of a cell according to any of claim 1 - 5, or 

30 cells or tissues derived therefrom. 

30. A pharmaceutical composition comprising: a therapeutically effective amount of a cell 
according to any of claims 1 - 5, or cells or tissues derived therefrom; and a 
pharmaceutical^ acceptable carrier. 

35 

31. The pharmaceutical composition of Claim 30 further comprising a proliferation factor or 
lineage commitment factor. 

32. A diagnostic agent comprising the cell of any of dalm 1 - 5, or any part thereof. 



APPUCATION/30925DK01/3SK/JSK/ 



A SUPRABASAL BREAST CELL LINE WITH STEM CELL PROPERTIES 
Abstract 

A method for Isolating cells which have a suprabasal position and expresses epithelial specific 
5 antigen but no slalomudn is provided. The Isolated cells are shown to share many of the 
properties expected of a mammary gland stem cell- Three permanent cell lines that are 
capable of proliferating and capable of differentiating into ceils of mammary gland luminal 
epithelial and myoepithelial cell lineages were established. Such cells form elaborate 
branching structures resembling uncultured terminal duct lobular units both by morphology and 

10 marker expression both in vitro and In vivo. Evidence is provided that these keratin K19 

expressing cells most probably is the cells In which breast cancer arises. Thus they constitute a 
model not only for the developing breast, but also for the development of breast cancer. Also 
disclosed are the uses of such isolated cells or the cell lines as a model system of the 
mammary gland for pharmacological studies and their uses In tissue repair or 

15 transplantation. 
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SEQUENCE LISTING 

<110> Lone Ronnow 
Ole Petersen 
5. Thorarinn Gudjonsson 

Rene Villadsen 
Mina J. Bissell 

<120> A SUPRABASAL BREAST CELL LINE WITH STEM 
10 CELL PROPERTIES 

<130> P30925DK01 
<160> 12 

15 

<170> FastSEQ for Windows Version 4.0 

<210> 1 
<211> 20 
20 <212> DNA 

<213> Artificial Sequence 

<220> 

<223> primer HPV16 E6-FW 

25 

<400> 1 

gcaacagtta ctgcgacgtg 

<210> 2 
30 <211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

35 <223> primer HPV16 E6-RV 
<4 00> 2 

ggacacagtg gcttttgaca 

40 <210> 3 
<211> 20 
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<212> DNA 

<213> Artificial Sequence 
<220> 

5 <223> primer HPV16 E7-FW 
<400> 3 

gatggtccag ctggacaagc 

10 <210> 4 
<211> 20 
<212> DNA 

<213> Artificial Sequence 

15 <220> 

<223> primer HPV16 E7-RV 

<400> 4 

gtgcccatta acaggtcttc 

20 

<210> 5 
<211> 22 
<212> DNA 

<213> Artificial Sequence 

25 

<220> 

<223> primer K19-FW 
<400> 5 

30 gaggtggatt ccgctccggg ca 

<210> 6 
<211> 21 
<212> DNA 
35 <213> Artificial Sequence 

<220> 

<223> primer K19-RV 

40 <400> 6 

atcttcctgt ccctcgagca g 
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<210> 7 

<211> 20 

<212> DNA 

5 <213> Artificial Sequence 

<220> 

<223> primer MUC1-PW 

10 <400> 7 

gtaccatcaa tgtccacgac 

<210> 8 
<211> 20 
15 <212> DNA 

<213> Artificial Sequence 

<220> 

<223> primer MUC1-RV 

20 

<400> 8 

ctacgatcgg tactgctagg 

<210> 9 
25 <211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

30 <223> primer alpha-SM Actin-FW 
<4 00> 9 

ggaatcctgt gaagcagctc 

35 <210> 10 
<211> 24 
<212> DNA 

<213> Artificial Sequence 

40 <220> 

<223> primer alpha-SM Actin-RV 
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<400> 10 

cacagttgtg tgctagagac agag 



5 <210> 11 
<211> 18 
<212> DNA 

<213> Artificial Sequence 

10 <220> 

<223> primer GAPDH-FW 

<400> 11 

gaaggtgaag gtcggagt 

15 

<210> 12 
<211> 20 
<212> DNA 

<213> Artificial Sequence 

20 

<220> 

<223> primer GAPDH-RV 

<400> 12 
25 gaagatggtg atgggatttc 
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Figure L Identific(ttionM^'suprabasar r htntiftid^pUhgUaUeUs in the breast. 




A, Suprabasal ceUs belong to the luminal epithelial lineage. 
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B. A subset of cells within the luminal epithelial lineage is sialomucin-negative. 
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Figure 2. W 1 7 JAN. 2002 

yodtaget 

D. Both the luminal and suprabasahderived epithelial ceU lines belong to the 
luminal epithelial lineage. 
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y Only miprabasal-derived apitheUai 'f^ics in a tamtofa-rich gel resemble TDL ZJj^ivo. Varem^rfe^reJsen 
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K14: green 
ESA; red 



Laminin-1: green 
Nuclear staining: red 



Igare 5. The suprab as al- derived cells are keratm K19-positiye $tmtar taa m 
of cells in TDLUandj^pte&tefo 




A. Luminal- and suprabasal-derived epithelial cells differ by expression of mRNAfor 
keratin K19. 
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B. Luminal- and suprabasal-derived epithelial cells differ by expression of protein for 
keratin Kl 9. ^ .J> 
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C. Keratin K19 staining in cultures of luminal- and suprabasal-derived epithelial cells. 
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figure 6. Keratin K19 staining in sections of normal breast tissue (TDLV) and 
infiltrating tiuctfaBtorcinonm (WQ. 
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